Effects of preparations of saponin mixture and isolated ginsenosides, extracted from the root of Panax ginseng, on plasma corticotropin (ACTH) and corticosterone concentrations in rats were determined by the radioimmunoassay and competitive protein binding method. When ginseng saponin mixture was administered to rats intraperitoneally, plasma ACTH and corticosterone increased significantly 30, 60 and 90 min after the treatment.
The root of Panax ginseng has been used for thousands of years in Asian countries empirically as folk medicine. Its chemical, pharmacological and biochemical studies, however, were rather recently begun. From the root 11 ginsenosides as its saponin were isolated, and their chemical structures were identified (Nagai et al., 1971; Sanada et al., 1974a and b; Sanada and Shoji, 1978) . Various pharmacological actions of ginseng saponins or isolated ginsenosides were reported (Takagi, 1974; Kaku et al., 1975) . As for biochemical actions, we showed that ginseng saponin preparations or isolated ginsenosides stimulated RNA and protein synthesis in rat liver, and carbohydrate and lipid metabolism in rat liver and adipose tissue Hiai et al., 1971; Oura et al., 1975; Yokozawa et al., 1976) . Petkov and Staneva (1963) creased20min and then clearly increased 30min after the treatment with fraction5 or6. Plasma ACTH concentration remained high for30or60min, and then rapidly decreased90min (fraction6) or120min (fraction5) after the treatment. The reason for a drop at20min after the treatment is not clear at present. In saline-treated control rats, the increase in ACTH was also observed, and it was small and transient ( Fig.1) .
With plasma of an individual rat, ACTH and corticosterone concentrations were determined in duplicate. As shown in Table  1 was almost parallel to that in plasma corticosterone, but90min after the treatment plasma ACTH was one half of a maximum level while plasma corticosterone was still high. Dose-response relation Fig.2shows a dose-response relation between fraction6and plasma corticosterone concentration30min
after the intraperitoneal administration to rats "gentled" by daily manual handling (for4days, twice a day in the morning and evening). Fraction6induced
an increase in plasma corticosterone concentration in a dose-dependent manner in doses of0.5to4mg/100g. Fraction6in doses of4mg and over seemed to show a maximum response in plasma corticosterone concentration, and the halt maximum was obtained in a dose of about 1.5mg/100g.
When3.5and7mg/100g of fraction6were administered, the maximum level of corticosterone was kept for about 0.5and1.5hr, respectively. Therefore, a large dose of ginseng saponin seemed to lengthen the duration of the maximum level of plasma corticosterone and to increase in total amount of secreted corticosterone. Fraction5saponin in a dose of3.5, 7or 14mg/100g also showed a maximum response in plasma corticosterone as fraction 6at doses of 4mg/100g and over did.
Effect of isolated triterpenoidal saponin of ginseng and other
Several ginsenosides isolated from fraction5or6were intraperitoneally adminis- 
Discussion
In the preceding work we showed that a ginseng saponin preparation fraction5 increased adrenal cAMP in intact rats, but not in hypophysectomized rats (Hiai et al., 1979) . From these results, the ginseng preparation was expected to increase ACTH secretion and to stimulate the pituitary rather directly and the adrenal cortex indirectly. In the present work, as was expected, we found that ginseng saponin significantly increased plasma ACTH, while it increased plasma corticosterone in a parallel kinetic pattern. Thus, the ginseng-induced increase in plasma ACTH verified that the ginsenginduced increase in plasma corticosterone was due to the stimulation of corticosterone synthesis in the adrenals and corticosterone secretion from the adrenals, and not to the reduction in metabolism of corticoid (as action of glycyrrhizin, Kumagai et al., 1957) and in excretion of corticosterone into urine, and that the ginseng-induced increase in adrenal cAMP was due to the ginsenginduced increase in ACTH secretion.
All the ginsenosides whose sugar moieties are different from each other stimulated corticosterone secretion, so the stimulation of corticosterone (and ACTH) secretion by ginseng saponin may be mainly due to their sapogenin moiety, protopanaxadiol or protopanaxatriol.
Glycyrrhizin and saikosaponin c whose sapogenins are different from those of ginsenosides were inactive in a dose of 10mg/100g. Therefore, it was suggested that the stimulation of corticosterone sec- retion was not an attribute of triterpenoidal saponin. Dexamethasone blocks ACTH and so corticoid secretion, and the site of the blocking action is known to be hypophysis and hypothalamus (Bohus and Strashimirov, 1970) . The present result that the ginseng saponin-induced increase in plasma corticosterone (and ACTH) was blocked by dexamethasone indicates that ginseng saponin acted on the hypophysis and/or hypothalamus primarily, but not on the adrenocortex. Whether ginseng saponin administered intraperitoneally per se acted directly on the hypothalamus and/or hypophysis via blood circulation, or whether the saponin affected peripheral activity which stimulated the hypothalamus and/or hypophysis via input humoral or neural channel, remains to be elucidated.
Our conclusions, therefore, are (a) ginseng acted on the hypothalamus and/or hypophysis to secrete ACTH primarily but not on the adrenal cortex directly, (b) ginseng increased adrenocortical cAMP by the induction of ACTH secretion, and (c) ginseng stimulated corticosteroid synthesis in the adrenocortex and secretion from the adrenocortex by the increased adrenal cAMP.
The present results support the findings by Petkov and Staneva (1963) and proved their suggestion. Furthermore, we showed that saponin as a constituent of Panax ginseng root stimulated the adrenocortical function.
Some of the known biochemical and pharmacological actions of ginseng saponin as well as ginseng extract may be ascribed partly to the actions of ACTH and corticosteroid secreted by ginseng saponin. Kaku et al.(1975) reported that the repeated administration of ginsenoside Rf, Re or Rd caused facilitation of the conditioned avoidance response. Petkov (1978) established that an extract of ginseng improved the indices for learning and memory retention in rats. On the other hand, it has been reported recently that ACTH and the related peptide enhance the retention of learned response in rats (Reith et al., 1977) . Therefore, we may suggest that the effect of ginseng saponin and extract on the learning behavior may be due to the increase in ACTH secretion.
